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1. Intro/LoICOMPASS++/AMBER
2. COMPASS++/AMBER Physics case:
Å Emergence of the hadronic mass (meson structure)
Å Proton spin structure

3. Emergence of the Hadronic Mass and not only:
Å Drell-Yan  Č Vincent Andrieux
Å Charmoniaproduction Č Charles-Joseph Naim
Å Prompt photons Č Charles-Joseph Naim
Å Primakoffand Spectroscopy Č Andrei Maltsev
Å Search for dark matter
Å Proton radius

4. Proton spin structure
Å DVCS 
Å Drell-Yan

5.     Upgrades
6.     COMPASS++/AMBER Phase-1/2 project status
7.     Summary
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COMPASS++/AMBER  
approximately 10 years-long effort, LoIis submitted in Jan. 2019

27/05/2020 Oleg Denisov 3

http://arxiv.org/abs/1808.00848
Apparatus for Meson and Baryon Experimental Research

> 270 authors 

We have started to work on physics program
of possible COMPASS successor ~ 10 years ago,

A  Number of Workshops has been organized,
for detail see  COMPASS++/AMBER web page:

https://nqf -m2.web.cern.ch/

http://arxiv.org/abs/1808.00848
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COMPASS++/AMBER
A New QCD Facility at CERN SPS M2 beam line 
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Conventional muon/hadron
M2 beams



COMPASS++
AMBERCOMPASS++/AMBER PHASE-1 

27/05/2020 Oleg Denisov 5

PHASE-1

Conventional hadronand
muonbeams

2022 Č 2025 and beyond

PHASE-2

Conventional and RF-
separated 

Hadron/Hadron 
and muonbeam

2026 and beyond
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Two bearing columns of the COMPASS++/AMBER

There are two bearing columns of the facility:

1. The issue of the emergence of the hadron mass 
2. Proton spin (largely addressed by COMPASS)

FIRST, EHM:
How does the all visible matter in the universe come about
and what defines  its mass scale?

Unfortunately, the Higgs-boson discovery (even if extremely 
important) does NOT help to answer this question:

VThe Higgs-boson mechanism produces only a 
small fraction of all visible mass
VThe Higgs-generated mass scales explain neither 
ǘƘŜ άƘǳƎŜέ  ǇǊƻǘƻƴ Ƴŀǎǎ ƴƻǊ ǘƘŜ ΨƴŜŀǊƭȅ-
masslessnessΩ ƻŦ ǘƘŜ Ǉƛƻƴ

Higgs generated masses of the valence quarks:  
M(u+d) ~ 7 MeV             M(u+s) ~ 100 MeV        M(u+u+d) ~ 10 MeV  

As Higgs mechanism produces a few percent of visible mass, thus the mass 
scale is defined by QCD mechanisms
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EHM
(mass budget in proton, different QCD mechanism for Nambu-Goldstone 

bosons)
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Dressed-quark mass function M(p)
The proton mass in the chiral limit is close to its nominal mass, 
as quark «gain» a mass evolving in to constituent one as its momentum 
became smaller. 

It is very different for pion and kaon (lightest 
Nambu-Goldstone modes) as they are massles
in the chiral limit by definition.

Does this mean that their gluon content is equally small and different 
from the proton once?  Č Must Study PDFs

One of the possible proton mass 
decomposition (calculation on lattice) 

Yi-Bo Yong et al.,
Phys.Rev.Lett. 121 (2018) no.21, 212001
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Questions to be answered:

ÅMass difference pion/proton/kaon 

ÅMass generation mechanism (emergent mass .vs. Higgs)

ÅGluon content, especially important pion/kaon striking difference

Methods:

As well Charmonia production, pi/K diffractive scattering, pion/kaon polarizability

Drell-Yan:                                     Vincent Andrieux (Tuesday)

Charmonia&Prompt Photons:   Charles-Joseph Naim (Thursday)

Primakoff:                                    Andrei Maltsev (Friday)

COMPASS++/AMBER physics program
the issue of the emergence of the hadronic mass (EHM)
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EHM
COMPASS++/AMBER (pion induced DY) (Vincent)
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Pion structure in 

pion induce DY

Expected accuracy 

as compared to NA3
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COMPASS++/AMBER (kaon induced DY) (Vincent)

Extremely important to compare the gluon content of kaon 

and pion (emergent mass)

Projected statistical errors after 140 days of running,
compared to NA3 stat. errors
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Collected simultaneously with DY data, with large 
counting rates

Physics objectives:

ÅStudy of the J/(charmonia) production 
mechanisms (ggςfusion  vs qήςannihilation), 
comparison of CEMand NRQCD

ÅProbe gluon and quark PDFs of pion

Å♥(2S) signal study, free of feed-down effect
from and ̝ c1 c̝2

Method: Model depended separation of contributions 
from two competent processes using data collected 
with both positive and negative beams

COMPASS++/AMBER 
Charmonium(Charles)


